Misfolding of the prion protein (PrP) is the key step in the transmission of spongiform pathologies in humans and several animals. Although PrP is highly conserved in mammals, a few changes in the sequence of endogenous PrP are proposed to confer protection to dogs, which were highly exposed to prion during the mad-cow epidemics. D159 is a unique amino acid found in PrP from dogs and other canines that was shown to alter surface charge, but its functional relevance has never been tested in vivo. Here, we show in transgenic Drosophila that introducing the N159D substitution on mouse PrP decreases its turnover. Additionally, mouse PrP-N159D demonstrates no toxicity and accumulates no pathogenic conformations, suggesting that a single D159 substitution is sufficient to prevent PrP conformational change and pathogenesis. Understanding the mechanisms mediating the protective activity of D159 is likely to lessen the burden of prion diseases in humans and domestic animals.
Introduction
Prion diseases are aggressive neurodegenerative disorders affecting humans and other mammals. These conditions are characterized by spongiform brain pathology and deposition of misfolded isoforms of the prion protein (PrP) (Colby and Prusiner, 2011; Prusiner, 1998) . Protease resistant conformations of PrP termed scrapie PrP (PrP Sc ) are transmissible, but transmission requires conformational conversion of the host cellular PrP (PrP C ) (Bueler et al., 1993; Prusiner et al., 1993; Telling et al., 1995) . Despite dedicated efforts to uncover the intrinsic and extrinsic factors regulating PrP conversion, we still have a limited understanding of the molecular mechanisms mediating pathogenesis. One avenue to shed light on these complex processes consists on exploiting the natural resistance of some animals to prion diseases. Scrapie is an endemic disease in sheep and goat that is not transmissible to humans, but can be transmitted experimentally to rodents (mouse, rat, hamster, bank vole) (Chandler, 1971; Chandler and Fisher, 1963; Zlotnik and Rennie, 1963, 1965) . The accidental transmission of scrapie to bovine resulted in the mad cow epidemics of the 1980s and variant
Creutzfeldt-Jacob disease in humans. Contaminated bone meal subsequently spread prions to several domestic and zoo animals, demonstrating the susceptibility of many mammals to prion diseases, even felines (cat, tigers) and mustelids (mink, ferret) in which the disease is not endemic (Kirkwood and Cunningham, 1994; Kretzschmar et al., 1992) . The exposure of dogs to prions was comparable to that of other domestic and zoo animals, but despite the best veterinary care not a single case of prion disease has been described among dogs (Kirkwood and Cunningham, 1994) . Transmission experiments in MDCK dog kidney cells have shown that they do not replicate human and mouse prions despite normal biogenesis of endogenous PrP, further supporting the resistance of dogs to prions (Polymenidou et al., 2008) . Since endogenous PrP is critical for prion transmission and prion disease, the identification of animals resistant to prion diseases suggest that either their endogenous PrP C is conformationally stable or their cells express co-factors that prevent PrP misfolding. Identifying the factors promoting dog PrP stability can reveal key insight to understand PrP misfolding and pathogenesis. The C-terminal region of PrP contains a globular domain comprising three helices and a short β-sheet (James et al., 1997; Riek et al., 1996) . NMR studies of dog (Canis genus) PrP (CaPrP) found that the structure of its globular domain is highly conserved compared to that of rodent or human PrP (Lysek et al., 2005) . Sequence alignment identified a few amino acid substitutions in dogs not present in susceptible animals and humans. Interestingly, only four amino acids differentiate the globular domain of dog and cat PrP, resistant and susceptible animals Neurobiology of Disease 95 (2016) 204-209 Abbreviations: α1-3, helices 1-3; CaPrP, Canis PrP; MoPrP, mouse PrP; PrP, prion protein; WT, wild type.
